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See related article on page 724. Cerebral protection during the surgical treatment of complex aorticdisease, primarily involving the transverse aortic arch, continues tobe a major clinical challenge for cardiac surgeons. Profound hy-pothermic circulatory arrest (HCA) remains a mainstay for brainprotection during such operations because it is simple and has beenefficacious in broad clinical use. However, despite its extensive use
and inherent simplicity, HCA has important limitations. Most notably, the protective
effect of profound hypothermia decreases as the circulatory arrest time increases. In
a review of a series of 656 patients undergoing aortic surgery with HCA reported by
Svensson and associates,1 the stroke and mortality rates increased significantly after
40 minutes and 65 minutes of HCA, respectively.
Considerable difference of opinion exists as to how to overcome the inherent
time constraints of HCA. Although most of the debates center on the selection of
different perfusion techniques (ie, retrograde and antegrade cerebral perfusion) and
potential pharmacologic adjuncts, the ideal temperature management strategy also
remains unresolved. Whereas previous reports have focused on temperature man-
agement before and during HCA,2-5 recent studies have given more attention to
post-HCA temperature management, especially during the rewarming phase.6,7
Postoperative Hypothermia: A New Area of Investigation
In this issue of the Journal, Romsi and his coworkers8 have extended the study of
temperature management beyond the operating room by evaluating prolonged
postoperative mild hypothermia in a porcine HCA model. After 75 minutes of HCA,
10 pigs underwent immediate rewarming to 37°C while 10 others were rewarmed to
only 32°C and were kept at that temperature for 14 hours. In all animals, postop-
erative temperature was regulated with a heat-exchange mattress, heating lamps, and
ice packs. Several beneficial effects of postoperative hypothermia were initially
observed in the treatment group, including increased mixed venous oxygen satura-
tion, decreased oxygen extraction and consumption rates, reduced brain lactate and
glutamate levels, and reduced intracranial pressures. Ultimately, however, each of
these effects was “negatively reversed” by the time of extubation on the morning
after the operation. Furthermore, the animals that underwent postoperative hypo-
thermia exhibited strong trends toward higher mortality and poorer behavioral
scores. Despite the fact that these differences did not reach statistical significance,
multiple physiologic differences between the groups did reach statistical signifi-
cance and supported the authors’ conclusion that the use of prolonged hypothermia
was detrimental. For example, in the prolonged hypothermia group, serum concen-
trations of creatine kinase–BB were significantly increased, leukocyte and neutro-
phil counts were significantly decreased, and electroencephalographic burst recov-
ery was significantly lower.
This unique study represents an important first step in investigating postoperative
hypothermia as a potential adjunct for cerebral protection. By contrasting the initial
beneficial effects of mild hypothermia with the detrimental effects after prolonged
hypothermia, the study clearly illustrates that the real challenge is to determine how
to optimize the postoperative period of hypothermia as to depth and duration,
thereby maximizing its benefits while minimizing its adverse effects. As the authors
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state, additional “studies are required to elucidate the effi-
cacy of short-term mild hypothermia after HCA.”
Two important limitations of the study warrant discus-
sion. As the first chronic experimental model of its type (ie,
porcine HCA followed by postoperative mild hypothermia),
the study is unavoidably underpowered. This is demonstra-
ble in their evaluation of the results, whereupon the clear
trends toward higher mortality and poorer behavioral scores
in the prolonged hypothermia group did not achieve statis-
tical significance. This problem, however, is entirely under-
standable, because predicting expected complication rates
without preliminary data is often not feasible. When viewed
as the first of a series of experiments, we submit that this is
but a minor limitation.
More important, the authors’ current experimental model
has limited applicability to the clinical setting of adult aortic
arch surgery. Cerebral injury after aortic arch repair under
HCA is clearly multifactorial and is caused by hypoperfu-
sion, reperfusion, and embolization. Although the first two
factors are well addressed by the model, the third is not. The
typical patient undergoing arch repair is subject to a poten-
tially large embolic load, including gaseous, atheromatous,
and lipid emboli. In contrast, the experimental model uses
closed heart surgery in young pigs without diffuse athero-
sclerosis or arch disease and would be expected to generate
few, if any, cerebral emboli. Some of the benefits of hypo-
thermia may be in reducing the size and extent of brain
injury after embolic stroke. Therefore, a lack of benefit in
this animal model may not translate into a lack of benefit in
the clinical setting. Future studies should incorporate the
delivery of a standard embolic load to address this issue.9
Current Clinical Implications
Although never specifically studied in detail, the use of a
period of postoperative mild hypothermia after HCA is not
without clinical precedence. For example, Hagl and col-
leagues7 from Mount Sinai recently reiterated their prefer-
ence for rewarming gradually and discontinuing rewarming
once a core temperature of 32°C to 33°C has been reached.
Although not identified as a specific variable in their eval-
uation of 717 patients surviving ascending aorta–aortic arch
operations with HCA, this rewarming strategy would be
expected to result in at least a brief period (perhaps 2–6
hours) of mild postoperative hypothermia. The low inci-
dence of transient stroke (3.3%) and permanent stroke
(5.7%) in their series raises an unanswered question: did the
consistent presence of postoperative hypothermia contribute
to the excellent clinical results? Future clinical studies fo-
cusing on this variable will begin to provide the answer.
Given the importance of temperature management in
patients subjected to HCA, the issue of where to measure
temperature must be addressed.10,11 During cardiac surgery,
the temperature of the brain is the critical, yet unknowable,
variable. From a practical standpoint, the location that best
reflects brain temperature is the jugular venous bulb. The
temperature of the perfusate in the arterial inflow line also
closely reflects brain temperature after only a few minutes
of rewarming. Tympanic, esophageal, and nasopharyngeal
temperatures are satisfactory guides, although they gener-
ally lag behind jugular bulb temperature. Both bladder and
rectal temperatures are very poor indicators of brain tem-
perature and should probably be ignored in this setting.
Although we are far from being able to make clinical
recommendations regarding the use of post-HCA hypother-
mia, there is accumulating evidence supporting the strict
avoidance of hyperthermia.12-14 In the setting of ischemia,
hyperthermia causes acceleration of necrosis and may result
in a larger area of infarction and a poorer outcome. The
following guidelines comprise an aggressive strategy to
avoid hyperthermia after HCA:
1. Use jugular bulb, nasopharyngeal, or tympanic tem-
perature measurements to guide temperature manage-
ment.
2. Regarding rewarming on cardiopulmonary bypass:
• Begin rewarming early and maintain the rewarming
rate at less that 0.5°C/min.
• If possible, set the heat exchanger at or below 38°C.
• Avoid perfusate and patient temperatures above
37°C.
• Maintain the gradient between the perfusate and
patient temperatures below 10°C.
• Stop rewarming when patient temperature reaches
36.5°C.
3. Using this approach, patients will often arrive in the
intensive care unit with temperatures near 34°C to
35°C due to the “afterdrop” that inevitably follows
cardiopulmonary bypass. Use warm air blankets to
continue slow rewarming in the intensive care unit
while avoiding patient temperatures above 37°C.
4. Finally, during the early postoperative period, treat
even mild fever (37.8°C) aggressively with antipy-
retics, especially in patients with neurologic deficits.
We acknowledge that this strategy must be carefully bal-
anced against the detrimental effects of hypothermia on
coagulation and cardiac function.15,16 As always, the ap-
proach must be tailored to fit each individual patient’s
situation. In the meantime, we eagerly await further infor-
mation regarding the potential benefits of actively using
postoperative hypothermia.
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